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Abstract In order to develop a new method to study the mobility and bioavailability of organic contaminants in soils a set of thermal desorption
device was established. Water desorption and thermal desorption of toluene and pyrene in three types of soils were investigated. The two
desorption occurred as bi-phase which indicates that the combination states of the aromatic hydrocarbons in soils are different. The desorption
was described by the first-order two compartment model and an exponential decay equation. Parameters such as fast desorption fraction F,,
water and thermal desorption rate constants b, and b, were derived. For toluene values of F,, in three soils were 27.9% 12.5%
16.0% respectively and 2.4% 22.0% and 19.1% for pyrene. Values of b, were 0.241 0.018 0.038 for toluene and 0.008 0.013
0.012 for pyrene. There is a significantly positive correlation relationship between F,and b, toluene R*= 0.982 pyrene R’ = 0.991 .
At250°C  values of b, in three soils were 0.167 0.064 0.141 for toluene and 0.036 0.062 0.047 for pyrene. At 400°C  the
corresponding values were 0.429 0.084 0.398 for toluene and 0.066 0.162 0.153 for pyrene. Meanwhile the water b, shows a good
correlation with b, at selected temperatures 250°C  R* = 0.985 400°C R’ = 0.848 . Moreover F pis positively correlated with b, . As
F',, has been used to predict bioavailability ~thermal desorption can therefore be used to predict bioavailability.

Key words water desorption thermal desorption toluene pyrene bioavailability combination state

SFE °°
SPMD % Tenax
SPE 910
1~4
2009-02-18 2009-08-14
20737002
973 2004CB418504

1983 ~
E-mail  zw-sunshine @ 163 . com
* E-mail sunhongwen @ nankai. edu. cn



193

" 1
13 14 1.1
15 3 1
2 2 3
3
10 . 1.
1.2
1
Table 1 Physico-chemical characteristics of the tested soils
1% DOC' /mg L7 pH .
1 18.9 48.3+x0.4 7.0 48.6 35.4 16.0
4.1 10.8+0.4 7.6 66.0 22.4 11.6
3.5 17.3+0.6 5.4 39.3 24.2 36.5
1 DOC 4¢ 50 mL 100 r min~! 12 h TOC TOC-V CSH SHIMADZU
HPLC
98 % Acros Organics New Jersey Tenax Tenax 98 %
Tenax
1.3
2¢g 12 mL 4 10
mg L' 5 mmot L™ CaCl, 200 1.4
mg L' NaN,
120 r min~' 30°C £ 1C 50 100 pL
2d 3000
r min~' 10 min 7 mL .
1 600+5.6 mg kg”' 2 400
2h 6h 12h 1d 2d 5d 8d 4.3 mgkg' 3 400+5.7 mg kg™ .
3000 r min~' 10 min 0.45 TP-2030
pm HPLC Waters 10g 1 S5¢g
I ml: min~'
5¢C "7 BLJ1-05
lg 10 mL Tenax 1.145 g
4 mg L7" 1 10 250°C  400C 3
mg L' 5 10 30 60 120
Tenax 240 300 min. 2
Tenax 0.2 g . Teanx 50 mL
2h 4h 7h 12h 1d 4d 8d 30°C 120 r min”'
3000 r min”' 10 min Tenax 24 h GC Agilent GC
Tenax 6890
10 mL / 1:1 2 3 200 +
24 h 3.8 100+5.2 100+2.6 mg kg™'.
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15 30 60 120 180 240 300 min. 0.06 0.095 MPa 200
300 C 34 70 C 1 0.5 min
330 G min”' 46 270 C
97.7% +4.6% FID 250 300 C 17
ml: min™' 200 ml: min~".
88.0%
1.5 2
2.1
HPLC- / 254 nm
333 nm 390 nm 1.3 1.4
Waters Symmetry C18 150 mm X
3.9 mm x 5 pm 8:2 1
ml: min~' 20 pL. 2.2
GC 1 3
HP-5 30 m x 0.32 mm x 0.25 pm 3
99.999% 1 plL.
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Fig.1 Water desorption dynamic curves of sorbed toluene and pyrene in three soils
24 h 1 2 3
28.8% 7.5% 12.4%.
48 h . 1 2
192 h 29.9% 1 3
11.4% 17.0% 48 h 0.1% 1.2% p <0.05 2 3 p>
1.7% . 0.05 . 18.9% 1
24 h 1 .
2 3 2.6% 3 3.5% 2 4.1%
57% 4.9%. 192h 1 2 3
5.1% 13.3% 12.2%.
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Table 2 Parameters for water desorption of toluene and pyrene
almg kg™' Frpl % F oyl % Fpgp/h ™! kgow/h™! R} ! b2 n R% 3
1 1.6 x 10° 27.9 72.1 5.7x10" 2.0x 107 0.993 0.241 0.09 0.969
2 1.2x10° 12.5 88.0 4.0x1072 1.1x107  0.989 0.018 0.40 0.889
3 1.3 x 10° 16.0 84.3 6.4x1072  7.6x10°° 0.993 0.038 0.33 0.904
1 2.0x 10? 2.4 97.4 1.1x107! 1.2x 107 0.984 0.008 0.35 0.961
2 1.0x 107 22.0 76.1 4.5%1073  8.8x107"  0.980 0.013 0.45 0.988
3 1.0 x 102 19.1 79.1 4.9x107%  2.5x10°"®  0.981 0.012 0.45 0.988
1 R 1 2 b, 3 R, 2
3 F.. 1
>3 >2 2 >3 >1 3
110.6°C 403°C 2
.F., b, 400°C
R = 0.982 R’ =
0.991. b, .
2.3 3 250°C  400°C
2 3
250°C 5h 3 250°C  400°C 3
1 2 3 b, 1 >3 >2 2 >3
33.2% 18.7% 23.9% 400°C 75.2% > 1
47.9% 57.8% 3
p <0.05 250C 3h3 . 3
4.1% 9.7% 8.8% 400°C 400°C b, 250°C
8.7% 26.2% 23.0% 1 2 1 400°C 250C
3 p<0.05 .
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Fig.2 Thermal desorption dynamic curves of sorbed toluene and pyrene in three soils
3 3 !
Table 3 Parameters of thermal desorption of toluene and pyrene in three soils
P 250°C 400°C
a/m;
s e biso n R? buago n R?
1 600 0.167 0.51 0.988 0.429 0.69 0.997
2 400 0.064 0.72 0.981 0.084 1.28 0.980
3 400 0.141 0.41 0.975 0.398 0.51 0.984
1 200 0.036 0.14 0.998 0.066 0.32 0.991
2 100 0.062 0.44 1.000 0.162 0.54 0.993
3 100 0.047 0.60 0.999 0.153 0.50 0.993
1 boso  buw 250°C  400°C
2 3 -400°C
250°C
=—dcldt = bne -1/b In ¢/a """ 1h 1 3
3 14.56% 5.46% 15.88%
3 3 3.59% 5.97% 4.70% .
3.
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Fig.3  Thermal desorption rate curves of toluene and pyrene in three soils
250°C 1h 1 2
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.400°C Smith %



197

2.4

2

4 bw bt750 bt400

w blli() b 1400

3 b, 1 >3 >
250°C  400C 3 b,

b w btlﬁo bt4(X) 4

Table 4 Correlation relationship of bysy b0 and b,

250°C

400°C

thS() - bv\

RZ

buago = by R?

1 bpsy = 0.47b, + 0.06
1 bpso = 3.49b, + 0.01

0.643
0.985

bu = 1.27b, + 0.15 0.541
bugo = 10.416, — 0.01 0.848
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